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1. Introduction 


From the proliferation of investigations into the quantitative effects of earth worms 
on soil structure it clearly appears that, especially in the last two decades, there is an in- 
creasing interest in this aspect of soil ecology. More figures are now ayailable on this 
subject, in particular those obtained from the works of Durr (1948), Cuapwick and 
BnapLEy (1948), Evans (1948), Horksema (1953), van RHEE. Naruaws (1961) and 
Hears (1965), which attest to the fact that the burrowing and feeding activities of worms 
result in a remarkable amelioration of the soil structure. All of these investigations relate 
solely to developed soils. 

But what of “undeveloped” soils? Few studies are made on newly reclaimed soils so 
far. Guitaroy and Mamaev (1966) mention their successful experiments with introducing 
earthworms in order to advance soil formation in newly established areas of artesian 
irrigation in Uzbekistan, but no attention was given to structural effects. 

In the present paper the first results of an small-scale experiment on the importation 
of earthworms into the recently reclaimed polder, Eastern-Flevoland (Neth.). will be 
discussed. In order to estimate their activities in the early stages of soil formation. some 
structural measurements were carried out. 


2. Eastern Flevoland 


Eastern Flevoland, the third polder of the Ijssel Lake (new name of the Zuiderzee), is the 
largest in Holland to date. About 54.600 ha of new land hus been reclaimed since it was drained in 
June 1957. In this, polder material with a high content of 2 to 16 j/m particles was deposited on 
peat between 200 A. D. and the end of the 16th century. Then, when the environment became 
more saline, the Zuiderzee-deposit was formed until the main sea dike was closed in 1932. Thus, 
there is à deposit now on the soil surface of Eastern Flevoland which ranges from elay, very 
fine sand to sandy clay and clay. 

A complete maturing of this soil, which includes, among other things, loss of water and 
development of structure, required further drying out of the soil. This was accelerated by sowing 
the new areas with reed (Phragmites communis). Further agricultural procedures (State mange- 
ment) involved growing colza, wheat, barley and lucern, before, in 1962. the first farms could be 
taken over by tenant farmers. 


3. Objects of the study 


The aim of this study is to assess exactly the effect of worm activity upon soil produetivity- 
Apple orchards were chosen as study objects, because better development of the root systems 
of fruit trees, and in consequence also a higher yield, may be expected from possible improvement 
of the soil structure by earthworms. Since there is not much disturbance of the soil in sucli 
orchards. this was a unique opportunity to follow the development of the inoculated populations 
and its effect upon soil formation as well. - 

Two grass-strip orchards — termed A (7.5 ha) and B (Sha) — and both planted in spring 
1966. were selected. Apple trees are planted in clean — weeded strips. Grass was mown severa! 
times a year and put on the tree strips lor mulching. Grass and tree strips are respectively 1.0 
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and 2 metres broad. As to the soil type, it should be noted that the orchard soils may be characte 

rized as a sandy clay: 98—42 “a silt (20%, eluy): 47%, sand: 11.2%, CaCO: 3.5%, organie Matter: 

pH 1.4—3.6. : 
4. Inoculation with earthworms 


In each orchard two worm plots and two controls. of 10 m? each. were marked out at 
the corners of a square, 150 150 metres in A. and in B of a rectangle, 80 « 150 metres, 
Actually, these plots are parts of tree strips 5 metres long and carrying 4 trees each, 
In both orchards worm plots as well as controls were numbered 1 and 2. Worms were 
consistently placed in the middle of the strips. 

So in A. in worm plots 1 and 2, respectively 5400 and 4600 specimens of Allolobophora 
caliginosa. a shallow burrower, were introduced during the period March 1966 — Septem- 
ber 1967. In B, in the same period, a mixture of 4100 specimens of A. caliginosa and 
2300 of Lumbricus lerrestris, a deep lurrower, were placed in worm plot 1, and respectively 
3250 and 1500 in plot 2. All of these worms, which then were mainly sub-adults, originated 
from an old-land orchard situated in a river clay area. 

When considering the effect on soil Formation. the development of the inoculated 
popwations should not be disregarded. Hence, in November 1967, together with exa- 
minations of the soil structure, sampling was carried out on several places as shown 
in Table 1. 

Suppose the inoculated worms were spread through out the whole plot area. then, 
densities of A. caliginosa will be calculated, which, as seen from Table 2. in nearly all 
worm plots are lower than those found by sampling. Numbers of L. terrestris. on the 
contrary, appeared to have declined considerably even to zero in plot 2. Actually. in 
November A, caliginosa occupied more than 10 m? per inoculation place. However. esti- 
mations concerning the movement of populations, in this stage of development, are very 
speculative, More figures over a longer period should be awaited. Otherwise. from the 
classification uf the developmental stages of A. caliginosa., which shows higher percentages 
of juveniles and adults in the polder than in the old land (Table 2), there can be no 
uncertainty as to the viability of these pioneer animals in new polder soil. But for L, ter 
restris there seemed to be little chance for survival and development. 


* 


Table2 Old-land population in November 1967 


Orchard in a river clay area 


A. caliginosa L. terrestris other species 
Average of 4 samples 247 3.3", ad. $8 20.8%, ad. 230 
96.7% sub-ad. 67.9 *, sub-ad. 
Ü jae: 11.3°,, juv. 


5. Effects on the soil 
5.1. Aggregate stability 

In view of the rather favourable development of the A. caliginosa populations it is 
to be expected that this in turn must have caused changes in the physical structure vf 
the soil even in the short period of 1'/, year. 

One of the most important features is the formation of casts, which. in a measure. 
account for the crumb structure. These formations are in general more resistant to the 
disintegrating action af water than natural soil. So. eventually, a certain stability of soil 
structure will be gained and maintained. which is partly to be attributed to the continual 
production of worm-formed aggregates. This regeneration of the soil is also brought 
about by grass roots. But in the clean-weeded tree strips. fortunately, there are no grass 
roots which can interfere with the effects of worm activity. 


The aggregate stability of the top 15 em of soil was evaluated by means of a simple 
water-immersion test. A method was used, which was casy to put inte practice and gave 
rather reproducible figures for comparative studies. 50 gram of air-dried crumbled soil 
— e. g. aggregates with a diameter of about 1.5 em — were transferred to a sieve with 
13 mm holes and a diameter of 13 em, and immersed in water 20 times until all fine 
particles had passed through. The aggregates retained on the sieve were dried at 105 °C 
and weighed. The results are given in Table 3. 


Table 3. Stable aggregates in ©, of oven-dry soil 


Sampled in June 1967 July 1967 October 1967 November 1967 
A worm plot. 1 50.4 40.7 38.3 66.0 
worm plot 2 53.8 49.8 46.0 61.3 
B worm plot 1 50.8 = 45.2 59.5 
worm plot 2 51.4 — 33.4 59.8 
A contro] — 1 50.3 33.6 28.1 40.8 
control 2 84.2 19.4 28.6 41.7 
B control 1 43.9 — 26.6 36.5 
control 2 37.6 -— 27.5 30.6 
A adj: area w. plt. 1 — — 45.6 34.3 
adj: area w. plt. 2 — — 31.2 24.4) 
B adj: area w. plt. 1 — — 38.1 38.5 
adj: area w. plt. 2 — — 34.9 21.5 


It will be seen that the worm-plot soils were already much better aggregated than the 
control soils. Ineidentally. an analysis of the adjacent areas of the worm plots was also 
made, because we neglected to assess the initial stability in these places. Especially from 
the figures of the last sampling date there is little doubt that the differences between 
worm and no-worm plots are mainly effected by worm activity. It is also found that the 
aggregate stability varies very much, both periodically as well as locally. 


5.2. Wilting point and field capacity 

There is little doubt that the pores in and between the worm-worked aggregates as 
Well as the spaces aceupied by worm burrows increase porosity. In order to check whether 
this also contributes to the air-and water economy. two further physical properties of the 
soil were tested, namely. the water content at the wilting point (pF 4.2) and that at field 
capacity (pF 2.2). Examinations were restricted to three places in the B orchard, namely. 
Worm plot 1, an adjacent area of it, and control plot 1. This orchard was selected, because. 
here, worm activity was very evident from the casts made on the surface of the soil. 
Samples of undisturbed soil were taken at 20-em and 40-cm depth. However. the disturbed 


l'able4 Results of pF-study: water content in volume percentages 


Sampling water content at 
places 1 5 3 4 5 
pF ud pF 2.2 pF 42 water available to vol. weight of 
plant growth (2—3) the soil 
Worm plot 55.4 52.9 15.6 37.8 1.10 
worm plot — 37.3 53.5 27.0 26.5 1.06 
adj. area of 
Worm plot 50.3 46.6 24,2 224 1.3 
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samples needed for the high pl-test were taken from the whole top 40 em. So. in Table 4 
the soil-moisture contents relating to the low pF values are averages of those pertaining 
to the 20-em and 40-cm depth, 

One of the effects of the structural changes favoured by worm activity is an increase 
in the quantity of water available to plant grawth in the worm plot. This means that 
the activity of worms has resulted in a redistribution of the pore system. such that, 
the worm-worked soil contained a higher percentage of larger capillary pores. in whieh 
water is much less strongly bound than in the unworked soils. Further it is evident from 
columns 1 and 5 that, actually.t hese aqueous deposits — with a clay content of 20°, — 
have a relatively high total pore volume with a high proportion of capillary pores. The 
high water content at pF 2.2, even in the worm plot 1, suggests that in this soil there ig 
still a very low percentage of large cavities such as burrows. 


6. Conclusion 


In conclusion we can say that A. caliginosa — in improving and maintaining its habitat 
— can play an important role in the beginning of pedogenesis of new polder soils. 

This is manifest in increased soil aggregation and improvement of the air-and water 
economy, which, in turn may favour plant growth. Furthermore it implies that the 
complete maturation of polder soil — a process which takes 50—100 years (Pons and 
ZONNEVELD 1965) — may be advanced by worms’ activity. However, this is only of real 
importance if there is also a rapid spread of worm based upon natural immigration from 
the old land. This is an aspect of our work, which is to be studied in the North East polder 
(48.600 ha) — drained in 1942 and in cultivation since 1947. 
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